Autodesk Inventor 2010 for Wood Workers
Modelling a Mitre Block

Using the ‘Skeletal’ modelling technique

This tutorial will show you how to create a simple assembly model with Autodesk Inventor, using the ‘Skeletal’
modelling technique. Using skeletal modelling, we will start with a master part file which contains a master sketch
which defines all the major geometry needed for our assembly. We will then ‘Derive’ our master sketch out into
our part files. We will then build the features in each part as usual. Finally we will bring all the parts back into our
assembly model. Using this method there is no need to add assembly constraints to lock the position of the parts,
all parts can be grounded using their origin coordinates. The master part will control the size and layout of the
assembly.

This article is aimed at novice users. However | am assuming that you are familiar with the concepts of
parametric modelling, that you are comfortable creating and constraining sketches, and that you've had some
time to explore the Inventor user interface.

In this tutorial we will use the following workflow:

Create a part file

Add parameters

Create a sketch

Constrain the sketch

Create a new part file

Derive the master sketch into the current
part

Add a sketch based feature (an extrusion)
Change the look of a part

Create the next part

Add all the parts to the assembly

‘Ground a root’ the parts into position
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Creating the Master part

Open a new part file.
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Modelling a Mitre Block

Save your new part as ‘Mitre Block Master Part’ and create the following parameters.

Add Parameters

Manage Tab> Parameters Panel> Parameters tool

m «@~ -

Tools | Manage

Ja

Parameters | St

Parameters

Use the ‘Add’ Button or ALT+A to add parameters.

Don't forget that your parameter names cannot contain spaces, mathematical symbols, or special characters.
Parameter names must start with a Letter and they are case sensitive

Parameters

25

Name Value
BoardThick 18
IntDepth 100
IntWidth 200
ClampDepth

Kerf

OALength 300

Parameter Mame Unit | Equation | Mominal Walue | Tol, | Model Yalue Expu:urt Param | Cormment
- User Parameters

- BoardThick, | 18 man 15.000000 O 15.000000 ([

- InkDepth mm | 100 mr | 100000000 O 100,000000 | v

- Ink\idkh mm | 200 mm | 200000000 O 200,000000 | [+

| ClarmpDepth mm (25 mm | 25.000000 () |25.000000 (W

ket mm [Fmm o |3.000000 (v |z.oo0000 |

- OALength mm | 300 mm | 300000000 O 300,000000 | [

[ IDisplay anly parameters used in equations;

[ add || Lk

Reset Tolerance

+/AJO]=
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Modelling a Mitre Block

Create a Master Sketch (or sketches...)

You may notice that if you are in the sketch environment, the sketch tab in the ribbon is tinted green. Should you
need to switch to a different tab this will help to guide you back to the currently active tab.

~ D 'E’E<h ."0'@ [ - Color |

Partl

P | Type a keywor

Sketch

@ o D WY

C> Elli =} Pol = VY, =
Line  Circle Arc Rectangle : 'pse \_)' olygon PrOJect Dimension “ Zdodicat|
i % ¥ -3~ Point A Text ~ Geometry ’ NN | =

Draw « ’ Constrain ~

Click the ‘Done’ button when you have finished adding parameters and, if you need to, click on the
big green tick to come out of the sketch environment and return to the part environment.

Click on the default sketch once to select it, and click again to rename it. Call it ‘Master Sketch’ Fmsh

‘ Sketch
¥ | dh

() Mitre Block Master Part.ipt
[ crigin

@ Master Sketch

(23 End of Part

Right click on the Master sketch and choose ‘Redefine’

Select the XZ Plane for our first sketch

=
Model ~ | 2]

| X
Model = 2]

T ¢h T i
ii Mitre Block Masker Part.ipk Mitre Block Master Part.ipk
[ origin = [ Crrigin
(D End of € Repeat Undo (—
I Copy Chrl4-C : i F‘I-an =
— L% Axis
Delete — [y s
- — [z axis
Edit Sketch — < Center Point
i — @ Master Sketch
" Redefine — (D End of Part
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Modelling a Mitre Block

Sketch out the height section through the Mitre block

Sketch Tab>Draw Panel
)_| AL

[ s

[z Axis

@
k2] sketchi 5 4

8 End of Part

Draw ~

If you need to, use the ‘Project Geometry’ tool to project the origin centre point into the current sketch.

Sketch Tab > Draw Panel > Project geometry Tool [

If Your Dimension parameters don’t show the Measure
Parameter Expression, as shown in the illustration, -

make sure that you don’t have anything selected and Shaow &l
right click anywhere in the drawing area to bring up Hide O_thers

the Dimension display options.

Taolerance

Precise Yalus

B ) STERE e
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Modelling a Mitre Block

Use the Horizontal and Vertical constraint tools to centre your sketch _

about the origin.

b rﬁt |
b L o—
Sketch Tab>Constrain Panel>Vertical and Horizontal Constraint Tools Vi
Add dimensional constraints to your sketch o \% i
Consfrain -

Sketch Tab >Constrain Panel >Dimension Tool
Started  Add-Ins  Sketch DA (-

Single click on a dimension constraint to edit its value whilst |‘—’| Wy v 0 &
using the dimension tool, or double click on a dimension = ] ~ _
constraint to edit its value at any other time. Click on the Dimension 7z <=
arrow at the end of the edit box and choose ‘List S 1=
parameters’ to choose from the list of parameters that you

created in the previous step. Constrain =

You can also just type the name of your parameter into the edit box directly, but make sure that you
spell the parameter name correctly and observe Lowercase/Uppercase Letters. Click on the green tick
at the end of the edit box when you’re done.

— 41 =30mm| ———d1 =30 mm|
Edit Dimension : d1 | x
30.3999995 | > Measure 30, 3999595 mm >
Show Dinmensions Parameters
Taolerance. .. dThick
: EnardThic
List Parameters ClampDepth %
IntDepth
ClampDepth Intiidth
306 Kerf
73 CaLength
21

Note that we will set the Groove/Tongue dimension using an S— —
equation. We want the tongue and the groove to be half the L L —
thickness of the board, so we use the equation ‘Board Thick divided BoardThick j 2 ul >
by two’. This is written in the parameters box as ‘BoardThick/2 ul’. - - -

‘ul’ just means the two is unitless.

Use an ‘Equal’ constraint to make the tongue
ﬂ S "#%° and groove the same size.
When your sketch is fully constrained, Click on .y
| B the big green tick on the 'Exit’ panel of the =| Finish
. [ ‘Sketch’ Tab to complete the sketch and return Sketch
to the part modelling environment. _
=] v Exit
Lo —
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It can help to keep your screen less cluttered if you turn the
display of sketch dimensions off. You can do this whilst in
the Part environment, by right clicking on any sketch and
choosing ‘Dimension Visibility’. This setting is per sketch.

Creating the Kerf Sketch

Next create a second sketch, this time choosing the ‘XY’
plane as a base plane. Name this sketch ‘Kerf Sketch’.

Use the ‘Construction’ toggle to switch to construction
geometry and sketch out a square.

&

Format ~
—

Sketch Tab> Format Panel > Construction

Autodesk Inventor For Woodworkers

Modelling a Mitre Block

e

|
| Repeat 20 Sketch
@ Kerf Ske

(JEndof P I Copy Chr-C

Delete

Edit Sketch

Properties. ..

Redefine

Edit Coordinate Swskem

Measure L4

Create MNoke
Export Sketch as...

[w wisibility

v BEERRN
&

daptive

Export Object

& Findin Window  END

How To,.,.,
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Modelling a Mitre Block

Project the corner points through from the Master sketch. Constrain the mid points of the edges of
the square to the projected edge points. Use an equal constraint to make both sides the same

length.

Toggle back to ‘Normal’ geometry and draw a line from the point where the projected edge point and
the midpoint of the edge line meet, to the same point on the opposite side (i.e. the centreline through
the square). Now draw a diagonal line, which extends slightly beyond the corners of the square.

Notice how the ends of the line are constrained with a
‘T’ to ensure that the diagonal line always extends
beyond the perimeter of the square by the Kerf
thickness.
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Deriving the Master Sketch

We are done creating our ‘Master’ geometry, so save the ‘Mitre Box Master Part’ and

open a new Part File.

As always, the default sketch will be active. Hit the Big green Tick to return to the part ve
environment. You won't see the derive button inside the sketch environment.

Now Hit the ‘Derive’ Button

Manage Tab> Insert Panel> Derive

Autodesk Inventor For Woodworkers

Modelling a Mitre Block

You will be presented with the ‘Open’ Dialog. Browse to the ‘Mitre Box Master Part’ we created earlier.

Derived Part

(%]

Derive style:

Skakus:

@

@(j Mitre Block Master Part.ipt
Da Salid Bodas
D surface Sodies
1@ siocks

= [ dp sketches
(k2] Master Sketch
@Q Kerf Sketch
Da 30 Shefches
Da Wk Gaomeadey
Da Mafes
= DQ Parameters

- @ Model Parameters
= DQ User Parameters

*@
2 IntDepth k
2y Intwidth
&y ClampDepth
2 kerf

g O CaLength

D@ Aafaranre Faramafers
T cxternal Parameters

Shiow all

Scale Fackar

1.0000

abjects

|:| Mirrar park
—

Ok ] [ Zancel

The ‘Derived Part’ Dialog will pop up. Notice that you
can use the tree browser to select Solid Bodies,
Surface Bodies, Blocks, Sketches and so on. In fact,
anything that is currently visible inside the Master
Part.

If you want to derive a sketch that has been
consumed by a feature inside the master part file,
make sure that the sketched is shared (just right click
on the sketch and pick share from the pop up menu).

| hope that you can see how naming our sketches
makes this process much easier.

For this project make sure that the Master Sketch, the
Kerf sketch and all our User parameters have been
selected.

The remainder of the process is very similar to the
standard way of creating part model files with
Inventor. Create your features using the Derived
parameters and sketches inside your part file.
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Modelling a Mitre Block

| X
Note the new icon in your feature browser. This icon indicates a derived Model ~ 2]
art.
p T 44
You can edit what has been derived at any time by selecting the derived () Witre Block - Front Board.ipt
part node in your browser and right clicking. This will open the derived part g
dialog again and allow you to revise your selection. EF (0 Mitre Block Master F‘art.ipt_ﬁ\q
= - 3 : -
@ Kerf Sketch
bilzfal " 2 @ End of Park
T i

() Mitre Black - Fronk Board.ipt
[ origin
— ¢ Mitre Block Master —*
': @ Masker Sketch Repeat Save
@ kerf Sketch
@ End of Part

Delete

Open Base Campanent

Measure k

_reate Noke

Edit Derived Part
Suppress Link With B&se Component

Break Link wWith Base Component

Expand All Children
Collapse all Children

How T,

Note that the Parameters we have derived are shown as ‘Linked’ Parameters in the Parameters manager.

Farameters

Parameter Mame IJnik Equation Mominal Yalue | Tal, Model Yalue E E

> User Parameters

E} Ciisersiunfond... "‘\
~{ BoardThick. il 15 mm ‘B.DIIIEIIJEIEI ) 15.000000 r
| IntDepth M 100 ram |n|:|.n|:u:u:|n|:| @ 100000000 (7
| Inkidth mm 200 mm 00.000000  |() 200.000000 |
-+ i_lampDepth mm 25 i &5, 000000 O 25,000000 r
| Kerf i 3 mm Q0ao0a O 3.000000 r

u\ -{aLength M 300 mm oo.000000 () s00.000000 |

— —_

[ Display only parameters used in equations eset Tolerance

[ add | [ Lk |'ﬂ1@m Page | 9 of 20
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Modelling a Mitre Block

Creating a Solid, or ‘Sketch based feature’

Use the ‘Extrude’ tool to give your sketch a thickness.

Model Tab > Create panel >Extrude Tool

4 B @ %

S
_reate . Extrude Revolve % i
) Sketch &, Rri

sketch Create ~

Once again use the fly out arrow at the side of the edit box to pick a parameter from your list of parameters. Or
you could type ‘OALength’ into the edit box directly.

Note that ‘OALength’ is one of our derived parameters. If you don’t see it in the parameter list, go back and check

that you derived it through correctly.

S

e
Profile @ .

E Solids I_ﬂ_] =
@ [ IMatch shape
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Modelling a Mitre Block

Creating the mitre cuts

We’'re going to use the Extrude tool again to create the Mitre cuts. This time, when you start the Extrude
tool, click the toggle to create a surface, rather than a solid. Pick the centre line of the Rectangle in our
‘Kerf Sketch’. Set the extents to ‘IntDepth+Kerf’. This will add the Value of ‘IntDepth’ (100) with the Value of
‘Kerf ’(3) Creating an extruded surface 103mm deep.

Profile = ,_
e

[¥]Match shape
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Modelling a Mitre Block

Next, we’re going to use the ‘Thicken’ tool to turn our surface into a cut.
Model Panel > Surface Tab > Thicken/Offset

|

|57 Thickenjoffset| ] Patch

[F] stitch l B Trim

& sculpt &4, Delete Face
Surface

Chose the ‘Cut’ and ‘MidPlane’ options in the Thicken/Offset dialog. Set the distance value to ‘Kerf'.

Thicken/Offset | More

Select

‘ K ; Solids

QOutput

Repeat the process for the diagonal line in the kerf sketch.
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Modelling a Mitre Block

|
Finally we will Mirror the diagonal cut feature using the original extruded surface as a E:: Rectangular
centreline.
@ Circular
Check that ‘ExtrusionSrf1’ is visable before starting the mirror command. M
Model Tab > Pattern Panel > Mirror Fatte

Use the ‘Features’ Button to pick both ‘ExtrusionSrf2’ surface and ‘Thicken2’ in the feature browser.

Use the ‘Mirror Plane’ button to pick ‘ExtrusionSrf1’ from the graphics window.

T ¢

@ Mitre Block - Front Board.ipk P FEclEs

Mirtar Plane

- 0 solid Bodies(1)

H— Eﬁ Surface Bodies(z)

7 [ Origin

7 ¢ Mitre Block Master Part.ipt

e |JT Extrusionl

F () Extrusionstf1

— 3} Thickent QK Cancel B

- O extrusonsita | I | 2]
L E Kerf Sketch

— %) Thicken2

— @ End of Part
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Modelling a Mitre Block

Changing the look of the part

You can use the Colour override drop down to allocate a different look to your part.

Wood (Gra -
Az Material
AlZ2-03 (Polished-Dark)
Al2-03 [Pelished)
Aluminum [Cast

B Wood (Ash)
B Wood (Driftwood)
| Wood (Grade 2 Plywoad) H\?
B Wood (Oak Burled)
B Wood (Oak)
| Wood [Painted)
Wood (Fine)

When you are happy with your part, save your part as ‘Mitre Block — Front Board’. You have successfully
created your first derived part. That was easy!

Page | 14 of 20
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Modelling a Mitre Block

Creating the remaining parts

5 waod -
You don’t have to go through this entire process again to create the | al
remaining parts. Use the ‘Save As’ command to create a copy of
‘Mitre Block — Front Board’. Name this file ‘Mitre Block — Base Board'. GBI sove ns !
D Hew » Save As
Big | > Save As > Save As B i sreeteromn
Bow 2
Save Copy As.
Now double click on the ‘Extrusion1’ feature in the feature browser. He | % cssciosloigT
This will allow you to edit the extrusion feature. Click on the ‘Profile’ b The gral e s coen
Button, then hold down the CTRL Key and pick the ‘Loop’ that we | = | S O A Tt e the
extruded earlier. This will deselect this loop. Note that it is coloured E foat b Yol el
red to show that the loop is being taken away from the selection. Pack and Go _
Package the currently active file and all of
@ Mariage 3 Its rafaranced files into a angle location.
Extrude : Extrusion1 ! Proparties
———— (Extents Vault v
=" =
s @ =
&) =

QOutput
(‘a 7 | [_|Match shape

Now lift your finger off the CTRL key
and pick the next loop. Notice that the
loop is now blue to show that it has
been added to the selection.

Extrude : Extrusiont

Shape | More
Save the part and repeat the .
process to create the ‘Mitre Box
— Back Board’ Part.

Extents -

&

B solids
output

L ‘@ = [“IMatch shape
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Modelling a Mitre Block

Creating the Assembly

Open a new assembly File
miE
L
Aszembly

w Drawing .
’ Part

=
(5

Presentation

— = | -

T

EC1

Use the ‘Place’ tool to insert our parts

Assemble Tab > Component Panel > Place Tool

- [== +Z

Azzemble |

[i g EZE Pattern E,’E
HE Copy

Place | Create - %

- B2 Mirrar e

| Place

g Place fram Cantent Center
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Autodesk Inventor For Woodworkers

Assembly constraints

You may notice that the first part that you insert in any assembly will
automatically be ‘Grounded’ — This is indicated by the Push Pin Icon on the
part node in the browser.

Every part that you insert into an assembly has Six degrees of
freedom. Forwards and Backwards — Left and Right — Up and
Down, and your part can rotate about its X, Y, and Z Axis.

You can use Assembly constraints to lock down the position
of your parts. Grounding the first part makes it easier to ensure that you
have limited the freedom of your parts.

Modelling a Mitre Block

b

Model | 2]
¥ o= *p Assembly Yiew =

Mitre Block Assembly.iam
Representations

D Crigin

@ Mitre Black - Back Board: 1
@ Mitre Block - Base Board: 1
@ Mitre Black, - Fronk Board: 1

Using the ‘Skeletal’ modelling technique we can avoid having to use assembly constraints to control our assembly
model. We will place each part using the origin (0,0,0) as the base point. We will then ‘Ground’ all the parts. The

skeletal model — our Master file, controls the size and shape of our parts
and the layout of our assembly.

Ground and Root

Thankfully, Autodesk have included a tool which will help us move all our
parts to the origin and ground them in place.

Assemble Tab > Productivity Panel > Ground and root component

This tool will move each component to 0,0,0, create the necessary
constraints between the Part origin planes and the assembly origin planes,
and ground the components in place.

Unless you need to add constraints to show mechanical motion, you may
never need to bother with assembly constraints again!

Model ~ 2]
¥ =T o Assembly view ~ ik

% Mitre Block Assembly.iam

Representations

[ origin

= @ Mitre Black - Back Board: 1

D Crigin

= @ Mitre Block - Base Board: 1

B[] Qrigin

— a Flush:1 (%% Plane,Mitre Block - Base Board:1)
— a Flush:z (%Z Plane,Mitre Block - Base Board:1)
— a Flush:3 (¥Z Plane,Mitre Block - Base Board: 1)
= @ Mitre Black, - Fronk Board: 1

B[] Qrigin

— a Flushi4 (=% Plane,Mitre Block - Front Board: 1)
— a Flush:S (%Z Plane,Mitre Block - Fronk Board: 1)
— a Flush:a (¥Z Plane,Mitre Block - Fronk Board: 1)
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/_|__-'
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L'D save and Replace Component

g Add Part
%I- Add Assembhy

==
EK:) Link Levels of Detail

: E‘g@ Component Derive
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To demonstrate what has happened, right click on any part and choose ‘iProperties’.
Choose the ‘Occurrence’ tab and look for the ‘Current offset from parent Assembly Origin’ Values.

Note that it is possible to change these values manually (if the part isn’t grounded and constrained!).

£ itre Block - Base Board: Properties u

F [ - “passemblyview - g | General | Summary | Project || Status | Custom || Save | Oceurrence | Physical
7 Mitre Black Assembly.iam Marng
Representations Mitre Block - Base Board:1
%Origin Properties
Mitre Block - Back Board:1
Yisible Suppress
525 Fiitre Elock - Base Boerd 11 ] [l suep :
@ Mitre Black - Fronk Ba Repeat Assembly Properties Enabled [ adaptive
i []Deqrees of Freedom Flexible
Edit
P F e et e e e [Climate Gheph visibility Grounded
Aszembly Dependencies [Jcontact set
b e e e s
e T < = BOM Structire
Expand All Children |%E Default (Marmal)
Callapse Al Children Color Style
Find in Yindow END s Materil
-~
e — urrent OFfset From Parent Assembly Or@ﬁ\|
'\}s L % Offset: % Angle:
_ b &
How Ta.,. 0,000 mm > 1l
¥ Offset: ¥ Angle:
0,000 mm Y i
Z Offset: Z Angle:
0.000 rmm > L

hN 7
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X

T B v passembly View ~

Mitre Block Assembly.iam
3 E Representations
|
ﬁi D Origin
+1- (3 Mitre Block - Back Board: 1
+ @Mitre Block - Base Board:1
¥ @ Mitre Block - Front Board:1

Testing vour skeletal model

Open your ‘Mitre Block — Master Part’ for edit. Open the parameters dialog and experiment
with changing the ‘IntDepth’, ‘IntWidth’ or ‘OALength’ parameters that we created earlier
on. After each change, save your Master file and return to the assembly model .Click on
the ‘Update’ tool to see the parts update (you may need to click twice).

Note that the parts that make up the Mitre Block Assembly are all linked to the Master file. As you make changes
to the Master file, the assembly model updates as well. Note that there are no constraints to fail!

Skeletal modelling is a really cool way of creating mid to large assemblies that automatically update based on the
values held within a master part. Note that the Master part file needs to be managed along side the part and
assembly files. If you loose your master file the whole assembly may fall down around your ears! Skeletal
modelling is probably not appropriate for Library parts. Don’t forget that you could use one of your parts as a
master part or you could insert your master part into your assembly.

Note also that our parts don’t contain any value for ‘Length’, ‘Width’ and’ Thickness’ We would need to manually
add these into each part if we wanted them to be included in the Bill of materials (BOM) and parts list. This can be
time consuming, so don’t be tempted to derive every part when you could re-use a part or use a library part
instead.
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Modelling a Mitre Block

That’s your Mitre Box model completed! | hope that you are pleased with your results. | hope that you now have
an understanding of how to use derived parts to create an assembly model, in which the assembly is controlled

by a master part.

This isn’t the only technique for producing assembly models in Inventor. We could also have used the ‘Bottom

up’, ‘Top Down’ or ‘in place’ techniques’, but that's next week...

Key Concepts:
Create a master part

Add parameters

Add work features

Add sketches

Geometrically constrain sketches
Dimension sketches

Create a new part

Derive the master part into the new part
. Add features

10. Place the parts into an assembly

11. Ground and root

CoNoOUAWNE
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